In recent years, car sharing has emerged as a novel alternative to private car ownership in urban areas worldwide. Potential benefits of this system include improved mobility and reduced congestion, vehicle ownership, parking issues, and greenhouse gas (GHG) emissions. This study aimed to investigate travelers' acceptance of car sharing systems through a stated preference survey in the city of Peshawar, Pakistan. The questionnaires were distributed online via a Google form. Questions were designed from numerous aspects of car sharing systems, such as awareness of car sharing systems, attributes related to travel modes in the choice set, and demographic characteristics. A total of 453 valid responses were received. The Multinomial and Nested Logit models were employed for evaluation and analysis of survey responses. Demographic characteristics including gender, job, and income were found to be significant. Service attributes including travel time, travel cost, registration fees, and capital cost, were also significant. The multinomial logit model based on both car-owners and non-car-owners fit a little better than the nested logit model. Our findings in the present study could be beneficial for transport planners and policy makers to timely implement car sharing systems in cities in order to mitigate increased car ownership and traffic congestion.
Introduction
Urban transportation has become a major concern with the rapid urbanization across major metropolitan areas in Pakistan [1] . These cities are becoming more densely populated and congested than ever before. The pace of expanding existing road infrastructures is too slow to cope with the increasing transportation demands [2] . With inadequate and poor public transportation services, more people prefer to travel by private vehicles. Thus, auto-ownership has been on the rise, posing a serious threat to transport policy makers, planners, and other concerned authorities. Rapid motorization has several negative impacts, including longer delays/travel time, increased travel cost, severe congestions, greater safety concerns, more polluted atmosphere, increased fuel consumption, and overall reduced transport system efficiency. This, in turn, has resulted in millions of dollars of loss to the country's economy. An active and efficient transportation system is considered to significantly contribute to a country's economy [1] .
Peshawar is the 6th largest city in Pakistan. The city faces serious traffic congestion issues and environmental pollution. Estimates predict a more intense situation in the near future due to the lack of planned development. The great number of private vehicles is considered to be one of the main causes of congestion and pollution [3] . At times, average peak hour travel speeds have been observed to be as low as 10 km/h in the city [4] . Peshawar city is one of the most polluted and congested cities of Pakistan [5] . Slow vehicular movement has become a daily issue in Peshawar city, where private car Introduction of car sharing systems in Peshawar city could be one potential solution to alleviating the issues of increased car ownership, congestion, and environmental pollution. The successful operation of such a system depends on sufficient demand, which remains a question in Pakistan. The term "car sharing" is defined as an environment-friendly alternative to car ownership. In concept, car sharing is a kind of car rental model where people usually rent a car for a short period of time.
To access and drive a shared vehicle, users are required to become a member of the car sharing organization and reserve the cars over the Internet. Car sharing first appeared in Europe in the 1940s before spreading to Australia, North America, and Asia [7] , which was introduced in the mid-1990s in Canada [8] , and has spread to more than 20 major urban regions in the U.S. and Canada. In July 2009, car sharing, as an industry, had more than 378,000 memberships serviced by 9818 vehicles around North America [9] . Recent growth in car sharing vehicles and membership in North America is shown in Figure 1 . In North America, car sharing systems often charge a 300-500 US dollars monthly fee or deposit which is refundable. The usage fee is calculated based on duration and miles, with the average rate being 1.00-2.00$ per hour, and 0.25-0.40$ per mile, respectively. These fares include fuel, insurance, and other related operating costs [10] . Car sharing systems attract travelers who are usually public transport users and sometimes car users, and thus have great potential to reduce traffic congestion and vehicle ownership, resulting in lesser requirement for personal and street parking [11] [12] [13] [14] . In 2010, 26 countries introduced the car sharing system as a new transportation mode to reduce transportation expenses and to reduce its adverse environmental impacts, such as congestion, energy consumption, and vehicle emissions [15, 16] . Previous studies suggest that car sharing can potentially reduce the yearly household Greenhouse Gas (GHG) emissions from 0.84 metric tons to 0.58 metric tons [17, 18] . In US and Canada, car sharing replaced between 9-13 vehicles off the road, and 25-71% of car sharing members avoided an auto purchase [9, 19] . Car sharing systems have been successfully implemented in Canada, where 15-29% of Canadians sold their personal vehicles to join car sharing systems, while in the U.S., 11-26% of the car-sharing community got rid of their personal vehicles after joining the new transport system [7, 9] . One of the major benefits of becoming a member of a car sharing system is to save money by avoiding capital, maintenance, and parking costs. This allows people to use "car sharing" at a lower cost than using their own car [20] [21] [22] .
Considering the social aspect, car sharing contributes to more efficient and rational mobility, especially for people who do not own a vehicle [7, 9, 10, 23, 24] . Car sharing encourages increased use of green travel modes, such as biking, walking, and public transport, which not only decrease traffic congestion and parking demand, but also improve general public health in urban areas [17] . Electric car sharing can provide economic and environmental benefits by reducing environmental pollution [25] [26] [27] [28] [29] [30] . A stated preference experiment regarding one-way and round-trip car sharing systems was conducted in Beijing to examine which factors influence the use of car sharing systems [31] . The results showed that people who are non-car-owners preferred using car sharing for round-trips. In Hangzhou, the Chefenxiang car sharing organization which offers round-trip services, has 79 parking locations throughout the city [32] . Shaheen and Martin conducted survey to investigate citizens' attitudes towards car sharing systems [33] , and the results indicate that younger and well-educated people are more likely to use car sharing systems. At present, car sharing is in operation in many major cities around the world, bringing several social and environmental benefits [12] . Globally, car sharing has continued to expand over the last decade, with average annual growth rates of members and vehicles at approximately 35% and 30%, respectively (Figure 2 ). 2011 115,857 86,935  7753  20,384 37,298  28,340  102,620  399,187  2012 147,552 89,736  8012  20,822 43,287  29,726  121,233  460,368  2013 178,441 95,095  8164  21,416 47,487  30,357  140,190  521,150  2014 212,439 95,703  8223  21,446 49,665  30,769  158,987  577,232  2015 238,005 96,973  8301  21,497 51,979  31,078  159, 
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Car sharing has not been introduced in Pakistan yet. Thus to collect data about the awareness and willingness-to-use, the stated preference (SP) survey for this unavailable travel alternative was adopted for the present study. The SP approach has been used by numerous previous studies for collecting data regarding travelers' behavior and acceptance of new transport modes [8, 21, [36] [37] [38] [39] [40] [41] [42] [43] . The SP survey was conducted in four distinct sections. In the first section, travelers were briefly introduced to car sharing systems. Detailed brochures, including several aspects of car sharing were sent to the respondents (Figure 3 ). In the survey's second section, travelers' awareness and perception regarding car sharing systems were recorded. Questions asked during this section were evaluated on the five-point Likert skill (almost certainly, probably, probably not, almost certainly not, and unknown). In the survey's third section, travelers were asked to state their mode preferences from available alternatives including car sharing systems, private cars, taxies, and buses, in different choice scenarios. Choice experiments were generated through Taguchi design principle using Minitab. A total of 24 choice experiments were generated, which were divided into three different groups. Figure 4 presents one of the choice experiments from the questionnaire. Service attributes for all alternatives considered, with their corresponding levels, are illustrated in Table 2 . Lastly, the respondents' socio-demographic characteristics, including gender, age, education, job, and monthly income were requested.
Car sharing has not been introduced in Pakistan yet. Thus to collect data about the awareness and willingness-to-use, the stated preference (SP) survey for this unavailable travel alternative was adopted for the present study. The SP approach has been used by numerous previous studies for collecting data regarding travelers' behavior and acceptance of new transport modes [8, 21, [36] [37] [38] [39] [40] [41] [42] [43] . The SP survey was conducted in four distinct sections. In the first section, travelers were briefly introduced to car sharing systems. Detailed brochures, including several aspects of car sharing were sent to the respondents ( Figure 3 ). In the survey's second section, travelers' awareness and perception regarding car sharing systems were recorded. Questions asked during this section were evaluated on the five-point Likert skill (almost certainly, probably, probably not, almost certainly not, and unknown). In the survey's third section, travelers were asked to state their mode preferences from available alternatives including car sharing systems, private cars, taxies, and buses, in different choice scenarios. Choice experiments were generated through Taguchi design principle using Minitab. A total of 24 choice experiments were generated, which were divided into three different groups. Figure 4 presents one of the choice experiments from the questionnaire. Service attributes for all alternatives considered, with their corresponding levels, are illustrated in Table 2 . Lastly, the respondents' socio-demographic characteristics, including gender, age, education, job, and monthly income were requested. 
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Data Collection
Peshawar, the capital city of the province of Khyber Pakhtunkhwa, has an area~1275 km 2 and population of 4.65 million [6] . The city map is shown in Figure 5 . To collect information about travelers' perceptions towards car sharing systems in the city, a questionnaire survey was conducted using a professional online Google form, and delivered through social media sources and emails to randomly selected residents throughout the city. A number of previous studies have conducted surveys in a similar way, for instance, in Greece an electronic questionnaire through Google forms was conducted for understanding peoples' perception towards car and bike sharing services [44] . Wang et al. (2017) used online-based questionnaires to collect information about individual travelers' acceptance of car sharing systems in China [45] . Questionnaires were divided into three separate groups. Respondents were requested to complete the online questionnaire within two months from the date of receipt. Online surveys have great advantages; because they are easy for people to complete during their free time without any hurdle [45] . Our survey was completed in August 2018. A total of 453 valid responses were received (185 were car-owners; and 268 were non-car-owners), each respondent faced four different scenarios, which were accumulated to 1812 observations as per Slovin's formula:
where; n = sample size, N = population size, and E = error tolerance.
The confidence level was 95% and the margin of error was 5%. According to the formula, a minimum sample size of 400 respondents was desired for Peshawar city's population. 
Peshawar, the capital city of the province of Khyber Pakhtunkhwa, has an area ~1275 km 2 and population of 4.65 million [6] . The city map is shown in Figure 5 . To collect information about travelers' perceptions towards car sharing systems in the city, a questionnaire survey was conducted using a professional online Google form, and delivered through social media sources and emails to randomly selected residents throughout the city. A number of previous studies have conducted surveys in a similar way, for instance, in Greece an electronic questionnaire through Google forms was conducted for understanding peoples' perception towards car and bike sharing services [44] . Wang et al. (2017) used online-based questionnaires to collect information about individual travelers' acceptance of car sharing systems in China [45] . Questionnaires were divided into three separate groups. Respondents were requested to complete the online questionnaire within two months from the date of receipt. Online surveys have great advantages; because they are easy for people to complete during their free time without any hurdle [45] . Our survey was completed in August 2018. A total of 453 valid responses were received (185 were car-owners; and 268 were non-car-owners), each respondent faced four different scenarios, which were accumulated to 1812 observations as per Slovin's formula:
where; n = sample size, N = population size, and E = error tolerance. The confidence level was 95% and the margin of error was 5%. According to the formula, a minimum sample size of 400 respondents was desired for Peshawar city's population. Males constituted approximately 68% of total respondents, while the rest were females. The survey received respondents from a good proportion of various age groups to avoid any substantial bias. Approximately 25% of total respondents were 18-30 years old, 31% were 31-40 years, and 23% were 41-50 years, while the remaining 21% were above 50 years of age. According to the job category, 62% of the respondents were employees of public or private companies, 23% were students, and 12% were entrepreneurs, while the remaining 3% were unemployed. Among all the respondents, 22% were graduates with a master degree and above, 50% were undergraduate, and 24% were had matric level certificates, while only 4% were below high school education. It was also observed that the majority of respondents had their household income in the middle-income level (31,000-60,000 PKR). The socio-demographic characteristics of the respondents are shown in Table 3 . Figure 6 illustrates respondent's awareness and perception for car sharing systems. It may be noted from Figure 6 that 65% of respondents had prior knowledge of car sharing systems, while 35% of Males constituted approximately 68% of total respondents, while the rest were females. The survey received respondents from a good proportion of various age groups to avoid any substantial bias. Approximately 25% of total respondents were 18-30 years old, 31% were 31-40 years, and 23% were 41-50 years, while the remaining 21% were above 50 years of age. According to the job category, 62% of the respondents were employees of public or private companies, 23% were students, and 12% were entrepreneurs, while the remaining 3% were unemployed. Among all the respondents, 22% were graduates with a master degree and above, 50% were undergraduate, and 24% were had matric level certificates, while only 4% were below high school education. It was also observed that the majority of respondents had their household income in the middle-income level (31,000-60,000 PKR). The socio-demographic characteristics of the respondents are shown in Table 3 . Figure 6 illustrates respondent's awareness and perception for car sharing systems. It may be noted from Figure 6 that 65% of respondents had prior knowledge of car sharing systems, while 35% of respondents were
unaware. Almost 50% of respondents agreed that car sharing will attract travelers, reduce vehicle ownership, improve air quality, and provide better mobility option. Furthermore, most respondents had similar views, that they would postpone buying a new car or sell their existing car, if car sharing meets their travel demands. Past studies revealed that attitudes play a key role in peoples' perception and acceptance of car sharing systems [46, 47] . Previous studies suggest that people familiar with car sharing are more likely to join this system [12, 43, 48] . Figure 6. Car sharing awareness and perception.
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The structure of the MNL model defines each choice alternative by using the utility function which is presented by Equation (2): (2) where, Usi represent the overall utility of respondent s; choosing alternative i, Xsi represent the observed variables; βsi represent the parameter coefficients; and εsi represent the error terms.
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The structure of the MNL model defines each choice alternative by using the utility function which is presented by Equation (2):
where, U si represent the overall utility of respondent s; choosing alternative i, X si represent the observed variables; β si represent the parameter coefficients; and ε si represent the error terms. The general expression for the probability of choosing an alternative i (i = 1, 2, . . . J) from a set of J alternatives is:
where, Pr(i) is the probability of the decision-maker choosing alternative i, and V j is the systematic component of the utility of alternative j. The structure of the MNL model describes each choice alternative through a utility function presented below. Car sharing:
V CS = β 0CS + β tt X CS + β tc X CS + β r f X CS + β gd−cs X CS + β job−cs X CS + β inc−cs X CS + β td−cs X CS + β tp−cs X CS + β to−cs X CS (4) Private car:
V PC = β 0PC + β tt X PC + β tc X PC + β mc X PC + β cc X PC + β gd−pc X PC + β job−pc X PC + β inc−pc X PC + β td−pc X PC + β tp−pc X PC + β to−pc X PC (5) Taxi:
V TX = β 0TX + β tt X TX + β tc X TX + β gd−TX X TX + β job−TX X TX + β inc−TX X TX + β td−TX X TX + β tp−TX X TX + β to−TX X TX (6) Bus:
Nested logit Model
The NL model is based on the concept of grouping similar alternative. The NL model's structure is shown in Figure 7 . The general expression for the probability for an alternative j in nest n (j ∈ B n ) is:
where V's are the systematic utilities of the alternative; m is the number of nests; and λ's are additional parameters to be estimated. The NL model also introduced additional parameter's λ n , one per nest. 
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where V's are the systematic utilities of the alternative; m is the number of nests; and λ's are additional parameters to be estimated. The NL model also introduced additional parameter's λn, one per nest. 
Results and Discussion
The model was estimated using the maximum likelihood function method. Discrete choice models were estimated using the Biogeme software. The MNL model has the inherent advantage in a sense that the variables are easily interpretable and can overcome bias if all the variables are inputted in the model. MNL model estimation based on the IIA (Independent of Irrelevant Alternative) assumption and NL model have been used to test the correlation among all the alternatives. All the variables were put into the model in a stepwise manner for achieving better model fit. Insignificant variables were discarded from the final model. The MNL and NL models 
The model was estimated using the maximum likelihood function method. Discrete choice models were estimated using the Biogeme software. The MNL model has the inherent advantage in a sense that the variables are easily interpretable and can overcome bias if all the variables are inputted in the model. MNL model estimation based on the IIA (Independent of Irrelevant Alternative) assumption and NL model have been used to test the correlation among all the alternatives. All the variables were put into the model in a stepwise manner for achieving better model fit. Insignificant variables were discarded from the final model. The MNL and NL models with linear parameters were estimated with the four alternatives including personal car, car sharing, taxi, and bus. The bus was taken as the reference alternative in the estimation process. The model estimation results are given in Tables 4 and 5 . Comparing these models, the fit for the MNL model was better than the NL model, both for car-owner and non-car-owner travelers. The result indicated that the McFadden's pseudo ρ 2 were 0.17 and 0.15 for car-owners and non-car-owners by the MNL model, respectively, and those were 0.13 and 0.14 for car-owners and non-car-owners by NL model, respectively. Therefore, the subsequent discussion will be based on the estimation results of the MNL model. Furthermore, Tables 4 and 5 indicated that model fit based on travelers owning personal cars was better compared to that for travelers who do not have a private car.
The alternative specific constant was higher for car sharing among other alternatives in both models, which proved its higher utility compare to other alternatives. It can also be seen from the model estimation results that all the generic variables including (travel time, travel cost, registration fee, and capital cost) except for the maintenance cost, had the expected signs and were highly significant. Likewise, the NL model estimation results indicate that all these generic variables were highly significant except for the maintenance cost, which was not significant for non-car-owners, for car-owners all the generic variables were insignificant. Model results showed that females were more likely to choose car sharing modes than a personal car. Females in Pakistan do not like to hire taxis for traveling due to privacy constraints. Several studies in North America and Europe have found that women are likely to join car sharing systems [41, 43, 51] . The variables of age, education, and driving license were not significant, and thus discarded from model estimation results. It can be observed from the Table 4 that job status significantly affected the choice of car sharing and taxi. Students and unemployed travelers were more attracted towards car sharing only for car-owners. This was due to the fact that these travelers could not afford the maintenance and other costs for personal cars. The job parameter was insignificant in the NL model estimation results for both groups of peoples. The income variable in both MNL and NL models was significant and positively associated with the dependent variable for all the travel modes, except car sharing only for car-owners. High income people preferred to travel using their personal cars [39] . Trip distance was a significant delimiter for car sharing only for non-car-owners in MNL model. Car sharing was preferred by a large proportion of travelers for trip distances of 10 km or less. For longer distances, travelers preferred to use their own personal cars [38] . The NL model results showed that trip distance was significant for all travel modes for non-car-owners. The variable trip distance for both models was insignificant for car-owners. For non-car-owners, the trip distance variable was significant in the MNL model. These results show that travelers were more likely to choose car sharing for schooling and working trips. Some previous studies suggest that car-owners are more likely to choose car sharing for commuting and shopping trips with relative preference for trip distance ranging from 3 to 10 km [42, 43, 45] . The traveler's occupancy variable in the MNL model was highly significant and negatively associated with response variable for car sharing only for car-owners, while this variable was highly significant and positively associated with the response variable for personal car only for non-car-owners. In the NL model, the trip occupancy variables were highly and positively significant for all travel modes only for non-car-owners. In conclusion, most of variables are significant for both car-owners and non-car-owner in the MNL model compared to NL model. Utility maximization models were employed to verify the experimental result. Alternatives with maximum utility were selected. Travel time was taken as a reference ranging from 10 to 100 min, travel cost (350 PKR), and registration fee (20,000 PKR) for car sharing were rationally assumed. Similarly, for private car the travel cost (300 PKR), maintenance cost (50,000 PKR), and capital cost (1,300,000 PKR) were chosen. The travel cost for taxis was considered 550 PKR for typical commuting trip. The trip distance was considered more than 10 km while the trip purpose was predominantly considered as schooling and working. The trip occupancy variables were considered; such as travelling with friend and family. For comparing utility of present alternative males, employees, and high income people were considered. McFadden ρ 2 = 0.13 However, for car-owners the utility of car sharing was lower than private car if the travel cost per trip was reduced to 300 PKR, more people were likely to join car sharing systems (Figure 8 ). It may be noted from Figure 9 that the utility of car sharing towards non-car-owners was slightly higher than other alternatives. Bus utility was not considered for comparison. However, for car-owners the utility of car sharing was lower than private car if the travel cost per trip was reduced to 300 PKR, more people were likely to join car sharing systems (Figure 8 ). It may be noted from Figure 9 that the utility of car sharing towards non-car-owners was slightly higher than other alternatives. Bus utility was not considered for comparison. 
Conclusions
The purpose of this study is to explore the public's acceptance of car sharing through a case study in Peshawar, Pakistan. It has identified the reasons and incentives for developing car sharing systems, and the role of individual behaviors in switching to new mobility mode. The study also sought to know whether car sharing was able to overcome the growth of private car ownership, which has become a major challenge in the city recently.
The MNL and NL models revealed several significant factors which affect travelers' acceptance towards car sharing systems. It was concluded that some demographics factors affect the acceptance of car sharing systems. The model estimation results indicated that gender, employment, and income have a significant effect on travelers' acceptance or willingness-to-use. In addition, some situational parameters including trip distance, trip occupants, and trip purpose were also perceived However, for car-owners the utility of car sharing was lower than private car if the travel cost per trip was reduced to 300 PKR, more people were likely to join car sharing systems (Figure 8 ). It may be noted from Figure 9 that the utility of car sharing towards non-car-owners was slightly higher than other alternatives. Bus utility was not considered for comparison. 
The MNL and NL models revealed several significant factors which affect travelers' acceptance towards car sharing systems. It was concluded that some demographics factors affect the acceptance of car sharing systems. The model estimation results indicated that gender, employment, and income have a significant effect on travelers' acceptance or willingness-to-use. In addition, some situational parameters including trip distance, trip occupants, and trip purpose were also perceived 
The MNL and NL models revealed several significant factors which affect travelers' acceptance towards car sharing systems. It was concluded that some demographics factors affect the acceptance of car sharing systems. The model estimation results indicated that gender, employment, and income have a significant effect on travelers' acceptance or willingness-to-use. In addition, some situational parameters including trip distance, trip occupants, and trip purpose were also perceived significant to the car sharing acceptability. Similarly, the service attributes including travel cost, travel time, capital cost, and registration fees are highly significantly associated to car sharing systems. Moreover descriptive result suggests that the peoples who are aware of car sharing systems have positive effects on the choice of car sharing systems. The study indicated that the car sharing systems could diminish the growth of car ownership, as the results showed a high tendency of car owners towards adopting this system, people who usually travel by private car may abandon their own car and use the car sharing systems [9, 24] . It is also revealed that if car sharing is initiated, although people want to buy a car, can be attracted towards using car sharing systems. However car sharing could help increase the mobility in urban areas for those who cannot afford to buy a car.
Moreover it is important to study public perception regarding car sharing acceptance before the system is commercially available. In Peshawar, car sharing systems are still a new idea with limited public awareness. People are not able to physically see the car sharing systems, which may generate bias in results. Female respondents in this study are fewer compared to male respondents (one-third of the sample size). However, this uncontrollable factor has limited effects on the model estimation because the sample size is enough for discrete choice modeling. It would be interesting to introduce various car sharing services such as one-way services, peer to peer services, and free floating services to find out which one could be more successfully implemented. Moreover, electric car sharing that is becoming popular, is a new research topic to alleviate environmental problems. Future researches will be conducted along these directions.
Understanding the travelers' acceptance towards car sharing systems will help to implement suitable policies to apply and develop the concept, as well as identify the potential target markets. Government should allocate suitable parking spots for car sharing companies considering the local travel habits, and it will be better to support the cooperation between different car sharing companies. The rate of growing motorbikes in Peshawar seems to be high, so motor bike should be prohibited in city center. With the support and encouragement of planners, car sharing systems can continue to raise and boom in walkable inhabitants through the country, improving the quality of people's life and accelerating the process to a more sustainable transportation in future. It is recommended that future studies should focus on several policies which can widely promote the usage of car sharing in Pakistan.
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